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Background: Antimicrobial resistance (AMR) is one of the most important global health
crises in recent times and is driven primarily by antimicrobial consumption. In East
Africa, there is a paucity of data regarding the knowledge, attitudes, and practices (KAP)
related to antimicrobial use (AMU). We investigate the ways in which antimicrobial users
in the veterinary sector accessed veterinary antimicrobials, and common behaviors of
veterinary antimicrobial users and prescribers associated with AMU and AMR.
Methods: In total, 70 farmers, staff at 49 agricultural-veterinary antimicrobial shops
(agrovet staff) and 28 veterinary animal healthcare workers or veterinary surgeons
(veterinary professionals) were interviewed in Busia county, western Kenya in 2016
using a standard questionnaire as a framework for structured interviews. Data recorded
included participant demographics, level of education, access to and sources of
veterinary antimicrobials, prescribing patterns, and knowledge of AMR and antimicrobial
withdrawal periods.
Results: The majority of antimicrobials were accessed through informal means,
purchased from agroveterinary shops; more than half of staff did not hold nationally
mandated qualifications to advise on or sell veterinary antimicrobials. Approximately 40%
of veterinary antimicrobials were sold without a prescription and it was noted that both
price and customer preference were important factors when selling antimicrobials in
almost all agrovet shops. Knowledge of the dangers associated with AMR and AMUwere
mostly superficial. Treatment failure occurred often, and there was a lack of differentiation
between AMR and simply treatment failure.
Conclusion: In this study area in East Africa with high-density human and livestock
populations, AMU was primarily for maintenance of livestock health. These findings have
highlighted several aspects surrounding inappropriate access to antimicrobials, and as
such require attention from policy makers concerned with AMR in both livestock and
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human medicine sectors. Improving prescribing practices and ensuring a minimum level
of general education and awareness of prescribers, as well as expanding the role of
agrovet staff in antimicrobial stewardship programmes, may help begin to mitigate the
maintenance and transmission of AMR, particularly amongst livestock.
Keywords: AMU, AMR, KAP, antimicrobial stewardship, access to antimicrobials
INTRODUCTION
Antimicrobials are essential for maintaining animal health in
livestock production systems, but inappropriate dispensing and
dosing, poor quality of drugs, overuse, and self-medication of
antimicrobials can select for and exacerbate the emergence,
transmission, and persistence of antimicrobial resistance (AMR)
(1–3). In East Africa, there is high demand for animal food
products to support the rapidly growing population, and this
demand is largely fulfilled by the high proportion (83%) of people
engaging in crop and livestock farming (4). In some parts of the
region, such as in the Lake Victoria crescent ecosystem, increased
demand has prompted the shift from small holder farming to
greater commercialization and intensification (5), which often
necessitates increased antimicrobial use (AMU) for prophylaxis
and treatment of animals in order to maintain animal health (6).
Livestock may act as reservoir of AMR bacteria, with potential
for widespread transmission between humans and animals as a
result of close contact between the two, or via the food chain. The
former is an issue when there are high densities of both humans
and livestock (4), as is the case in both rural and urban Kenya,
where this study was conducted (7, 8).
There are significant ramifications of AMR amongst
livestock; nine of the 14 classes of antimicrobials considered
to be “critically important” for human health are used in
both human and livestock health. Three of these (3rd-5th
generation cephalosporins, fluoroquinolones, and polymyxins)
are considered to be highest-priority critically important
antimicrobials (HPCIAs) for human health (9). Antimicrobial
use in livestock production is predicted to increase by up to 67%
by 2030; as increased AMU may result in significant negative
impacts on animal welfare and food security, as well as reducing
efficacy of antimicrobials which have crossover for human
health (10). However, it is important to note that owing to the
complex epidemiology of AMR, the quantifiable contribution
that AMU in livestock has on the emergence, transmission, and
maintenance of AMR in humans is still debatable. Studies have
shown that similar strains of AMR bacteria are found in both
food animals and humans (11), as well as plasmid-mediated
resistance in Escherichia coli to polymyxins (mcr-1), originating
from food animals (12). Despite this, other argue that transfer of
animal to human resistance genes is negligible and that reduction
of AMU in food-producing animals may have a negative effect
on food safety and human health (13). Regardless of the debate,
such data to is mostly absent in sub-Saharan Africa.
In many sub-Saharan African countries, including Kenya,
there is a paucity of data on the prevalence of both AMR
and AMU, as the combined realities of underfunded veterinary
healthcare systems, limited regulatory capacities and lack of
systematic, national, or regional surveillance systems undermine
efforts to promote prudent AMU and control AMR (14, 15).
Indeed, Kenya is part of a global effort to improve surveillance
capacity in line with its National AMR Action Plan.
Many existing studies examining antimicrobial treatment
patterns typically rely on self-reported data, showing
that antimicrobials are almost always purchased without
prescriptions at “agrovets” (shops which stock agricultural
and veterinary antimicrobials as well as other agro-
veterinary products) (16–19). Agrovets are often staffed
with pharmaceutical technicians (20) who have obtained formal
training in animal sciences. As such “agrovet staff” may sell
antimicrobials, but crucially cannot prescribe them. To comply
with local law, agrovet owners may be veterinarians and would
thereby be able to legally prescribe antimicrobials. Private
veterinary professionals travel to farms at the request of farmers
where they provide advice, treat animals, or prescribe veterinary
drugs. Veterinary professionals would typically have professional
qualifications specifically enabling them to prescribe veterinary
antimicrobials and are governed by the Veterinary Surgeons
and Veterinary Paraprofessionals Act of the Government of
Kenya (21). Together, antimicrobial sellers and prescribers are
responsible for, and play a pivotal role in, highlighting issues
that surround AMU and AMR, as well as being the front line
of antimicrobial stewardship (22). Relatively few studies (23)
have examined the knowledge, attitudes, and practices (KAP)
of antimicrobial users and prescribers, and such studies are
critically required in order to identify risky behaviors and target
them for intervention.
In this study, we assessed the way in which antimicrobials
were accessed and the general awareness and common behaviors
relating to antimicrobial purchase and prescription amongst
farmers, agrovet shop staff and veterinary professionals in a small
holder livestock production system in western Kenya (24).
METHODS
Study Area and Population
A cross-sectional study investigating how farmers, agrovets, and
veterinary paraprofessionals access and prescribe antimicrobials
was conducted in Busia county, western Kenya in 2017. The
region was selected for study as it supports the highest
human and animal population densities in eastern Africa with
approximately 893,681 people (25), 83% of which engage in
livestock production (4); the region is also broadly representative
of other communities spanning the Victoria Lake Basin in Kenya,
Uganda, and Tanzania.
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Busia county is sub-divided into seven “sub-counties.” Within
each sub-county, 10 farms were randomly selected for interview
as a convenience, but also to capture the spatial distribution
and diversity of farming practices across the county. Systematic
interviewing of agrovet shops and veterinary professionals
(Figure 1) was conducted with assistance from the sub-county
veterinary officer from each sub-county. Interviews were sought
with the most senior member of staff in all locatable agrovet
shops in the county, except when shops were closed on more
than two occasions during repeat visits. A comprehensive list of
all known veterinary professionals was collected from sub-county
district officers and veterinary professionals were recruited by
phone. Veterinary professionals were who agreed to participate
were interviewed separately from agrovet shops, at a convenient
location to each participant.
Questionnaire Design and Piloting
All recruited participants were interviewed orally using a
questionnaire as a framework. Questionnaires were designed in
Adobe R© Acrobat R© Pro DC (Adobe, San Jose, United States) and
coded electronically using AppSheet R© (AppSheet c/o Solvebot
Inc., Seattle, Washington). Participants were interviewed in
English or Kiswahili by bilingual Kenyan research members.
Answers were given verbally by the participant and recorded
verbatim as transcribed text into the coded questionnaire
on a mobile phone or tablet, by the interviewer. Questions
were designed to determine the participant’s education level,
access to veterinary antimicrobials, prescribing patterns of
antimicrobials, knowledge of antimicrobials, resistance, and
withdrawal periods. Questions specifically asked of farmers
focused on access to veterinary antimicrobials, basic information
on animals kept (date of acquisition, vaccination status),
common diseases, and understanding of AMR and withdrawal
periods. Veterinary professional and agrovet staff questionnaires
focused primarily on sales/prescription patterns and responsible
use of antimicrobials.
Questionnaires were piloted on field team staff. Minor
refinements to question wording were made to better reflect local
conditions before conducting a further pilot on a sub-county
veterinary officer. After these pilot tests, the questionnaire was
then used in the field. A summary of all questions is presented
in Supplementary Table 1.
All questionnaire data can be found at https://github.com/
Steven-Kemp/Kenya_KAP.
Data Analysis
Transcribed answers for each question were imported into
Microsoft Excel 2016 (Microsoft Corporation, Redmond, USA).
Descriptive analysis including frequencies and percentages
for categorical variables (gender, age, education level) were
calculated using SPSS Statistics v25.0 (IBM SPSS Statistics
for Windows Version 25.0, New York: IBM Corp). Open-
ended questions were analyzed on a question-per-question basis
using a thematic approach (26). Briefly, all responses were
imported into excel and read twice for familiarization, data were
coded, and then individual themes were generated and checked
independently. Finally, themes were reviewed once again, refined,
and then presented. Also using SPSS v25.0, the Fisher’s exact
test was used to compare specific training undertaken by
antimicrobial providers relating to antimicrobial prescription.
Maps were constructed using QGis v3.10 (QGIS Development
Team, http://qgis.osgeo.org/). Figures were constructed in
Prism v9.1.1.
Ethical Approval
Ethical approval was obtained from the Institutional Research
Ethics Committee of the International Livestock Research
Institute (ILRI-IREC2016-03), and the University of Liverpool
Veterinary Science Research Ethics Committee (VREC387). All
participants gave informed, written consent before participation
in the study.
RESULTS
Participant Demographics and Education
A total of 70 farmers, 49 staff at agrovet shops, 27 AHAs, and
1 veterinary surgeon were recruited (Table 1). As recognized
professionals, the veterinary surgeon and AHAs were considered
together in our analysis and are referred to as “veterinary
professionals” throughout. The predominant age bracket for
all groups surveyed was 25–44. The majority of agrovet staff
were either agrovet assistants (79.6%) or shop owners (18.4%).
Only 44.9% of agrovet staff had obtained college or university
education, compared to 89.2% of veterinary professionals. For
farmers, the majority (47.1%) had completed at least secondary
school education. Significantly more veterinary professionals
had received specific training in livestock health and disease (P
= 0.01) than agrovets. Only 42.9% of agrovets and 82.1% of
veterinary professionals had received specific training to dispense
veterinary antimicrobials. A large proportion of agrovets cited
informal training (44.9%) as their primary source of knowledge,
compared to 92.9% of veterinary professionals who obtained
a professional qualification awarded by a college or university.
However, 7.1% (n = 2) of veterinary professionals interviewed
stated that they did not have university education, therefore could
not be called veterinary professionals.
Access to Antimicrobials and Common
Sales Patterns
All veterinary antimicrobials were purchased directly from
agrovet shops, where both farmers and veterinary professionals
can purchase antimicrobials from. Antimicrobials and vaccines
were distributed to local agrovets shops by two larger wholesale
agrovet shops (one within Busia county, one in neighboring
Bungoma county) who obtained antimicrobials directly from
manufacturers and through their supply chains.
Farmers reported no restrictions (in amount or class) when
purchasing antimicrobials from agrovet shops, even without
a valid prescription. More than half (57.1%) of veterinary
professionals stated that they provided a prescription for farmers
to obtain antimicrobials, with the remainder treating animals
with their own stock and billing farmers separately for these.
This agreed with responses from agrovet staff who reported that
they (60%) often dispensed antimicrobials against a prescription.
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FIGURE 1 | Map of Busia county, western Kenya, indicating the locations of all interviewed farmers, agrovet staff (within their shops) and veterinary professionals.
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TABLE 1 | Participant demographics and education.
Characteristics Agrovet staff (n = 49) Veterinary professionals (n = 28) Farmers (n = 70)
n % n % n %
Gender Male 25 51.0 27 96.4 48 68.6
Female 24 49.0 1 3.6 22 31.4
Age group 18–24 8 16.3 – – 2 2.9
25–44 35 71.4 20 71.4 40 57.1
45–64 5 10.2 6 21.4 17 24.3
65+ 1 2.0 2 7.1 11 15.7
Job position Animal healthcare worker 1 2.0 14 50.0 – –
Artificial insemination technician – – 1 3.6 – –
Sub-country veterinary officer – – 3 10.7 – –
Agrovet assistant 39 79.6 1 3.6 – –
Laboratory staff/vet technician 1 2.0 3 10.7 – –
Livestock Officer – – 5 17.6 – –
Veterinarian – – 1 3.6 – –
Manager 1 2.0 – – – –
Owner 9 18.4 – – – –
Length of time at job <1 Year 14 28.6 1 3.6 – –
1–2 Years 4 8.2 – – – –
>3 Years 31 63.3 27 96.4 – –
Highest education level No formal education – – – – 4 5.7
Primary education – – – – 24 34.3
Secondary education 27 55.1 3 10.7 33 47.1
College (certificate/diploma) 20 40.8 23 82.1 7 10
University 2 4.1 2 7.1 2 2.9
Nature of training Professional qualification 8 16.3 26 92.9 – –
Pharmaceutical company 15 30.6 – – – –
None/Informal training 22 44.9 2 7.1 – –
Cannot remember 3 6.1 – – – –
Direct observations when visiting such premises confirmed that
agrovet shops did sell antimicrobials with no prescription, as well
as dispensing single syringes of formula antimicrobials or partial-
treatments to farmers, even though this is a contravened practice
in Kenyan Law (27).
Participants were asked to indicate the most commonly
sold or prescribed antimicrobials (agrovet staff and veterinary
professionals) or most commonly purchased (farmers), and a
total of 26 different antimicrobials were reported by all groups.
Oxytetracycline and penicillin-streptomycin were the two most
commonly sold or prescribed antimicrobials by agrovet staff
and veterinary professionals (Table 2), followed by sulfonamides.
The majority of farmers opted to purchase oxytetracycline as
their primary drug of choice (78.6%) from agrovet shops. There
was no reported use or sale/prescription of 3rd+ generation
cephalosporins or fluoroquinolones. There was only a single
occasion whereby a farmer purchased polymyxins (colistin), but
these drugs are available at agrovets when requested.
There were large inconsistencies in the reported use of
antimicrobials. Antimicrobials were predominantly reported as
being used therapeutically (i.e., not for growth promotion or
prophylaxis) by farmers (85.7%) and veterinary professionals
(100%) and sold for therapeutic purposes by agrovets (98.0%).
However, prophylactic use of antimicrobials was subsequently
indicated by 37.1% of farmers and 28.6% of veterinary
professionals and sold as such by 38.8% of agrovets in a later
question in the questionnaire. Use of antimicrobials as growth
promoters was reported by 37.1% farmers, but not sold as such
by agrovet shops or prescribed by veterinary professionals.
The most common diseases that antimicrobials were
cited as being purchased to treat were East Coast fever
(theileriosis), anaplasmosis, trypanosomiasis, diarrhea, and
general respiratory diseases.
Advice and Considerations Given at Point
of Sale Regarding AMU, AMR, and
Withdrawal Periods
Most farmers reported first seeking the advice of a veterinary
professional before purchasing antimicrobials (78.6%).
More than half of farmers (54.3%) never requested specific
antimicrobials without first discussing with either agrovet staff
or veterinary professional. A small minority of farmers (12.9%)
purchased antimicrobials without obtaining any advice from
an agrovet or a prescription from a veterinary professional.
Such farmers stated they did so “using [their] own knowledge”
or “already had a prescription from a veterinary officer from
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TABLE 2 | List of the most commonly used/purchased/prescribed antimicrobials








n % n % n %
Oxytetracycline 26 92.9 46 93.9 55 78.6
Penicillin-streptomycin 27 96.4 39 79.6 33 47.1
Sulfachloropyrazine 9 32.1 27 55.1 – –
Sulfadimidine 9 32.1 13 26.5 2 2.9
Trimethoprim and
Sulfadiazine
9 32.1 8 16.3 4 5.7
Tylosin and Doxycycline – – 18 36.7 2 2.9
Sulfamethoxazole 3 10.7 8 16.3 – –
Gentamicin 6 21.4 – – 1 1.4
Tylosin 4 14.3 – – – –
Tetracycline 1 3.6 3 6.1 – –
Fosfomycin and Tylosin – – 4 8.2 – –
Sulfamethoxazole and
Trimethoprim
– – 4 8.2 – –
Erythromycin 2 7.1 – – 1 1.4
Gentamicin and Doxycycline – – 3 6.1 – –
Neomycin – – 3 6.1 – –
Cefalexin 1 3.6 – – 1 1.4
Metronidazole 1 3.6 – – 1 1.4
Ampicillin 1 3.6 – – – –
Streptomycin 1 3.6 – – – –
Amoxicillin – – 1 2.0 – –
Dexamethasone** – – 1 2.0 – –
Erythromycin and
Oxytetracycline
– – 1 2.0 – –
Colistin* – – – – 1 1.4
Up to five “most common” antimicrobials were volunteered; therefore, each antimicrobial
was counted once each time it featured in the respondents’ answer.
*Highest priority critically important antimicrobials.
**Not an antimicrobial but described by the respondent as one.
a previous consultation”. A small proportion of farmers
also reported using antimicrobials previously prescribed or
purchased, “[having antimicrobials leftover] from previous use.”
In agrovet shops the primary consideration when selling
antimicrobials was customer preference (65.3%). Veterinary
professionals’ primary consideration was antimicrobial
effectiveness (57.9%) and then cost (39.3%). Farmers were
primarily concerned with antimicrobial cost (44.3%), followed
by effectiveness (40.0%). As cost was a common consideration,
the sale price of various antimicrobials was collected (Figure 2).
The average price of oxytetracyclines were cheaper than
penicillin/streptomycin; this is consistent with the finding that
oxytetracyclines were the most commonly sold antimicrobial
in agrovets shops. A small minority of farmers also considered
antimicrobial availability and the distance they needed to travel
to purchase specific types of antimicrobials as their primary point
of consideration (5.7%). Specific agrovet shops were chosen by
farmers for several reasons including the “close distance to
[their] farms,” ability to “get drugs on credit” and for “wide
selection” and “good stock availability.”
The most commonly offered information regarding
antimicrobials at point of sale or prescription differed
significantly between antimicrobial sellers and antimicrobial
providers; 61.2% of agrovet staff gave directions for use
of antimicrobials, compared to only 25.0% of veterinary
professionals, where they were provided to the farmer to use
themselves. Similarly, significantly more veterinary professionals
chose to give no information at all (50.0%) compared to 18.4% of
agrovets (Figure 3). The other two most common cited pieces of
information provided to farmers were withdrawal periods and
dosage instructions, though in all cases, these were reported to
be read from the packaging.
Understanding of AMR
Participants rarely recognized the terms “antimicrobial
resistance” or “antibiotic resistance.” Once given a definition,
many suggested that they had heard of it, but did not recognize
the specific terminology. A large proportion of agrovets (69.4%),
veterinary professionals (39.3%), and farmers (47.0%) did not
know the causes of AMR. Of those who had some knowledge
of causes, the most common response was underdosing
(significantly more veterinary professionals than agrovets)
and prolonged use (Figure 4). Some farmers additionally
reported “bacteria mutation” (2.9%), “misdiagnosis by an
agrovet/veterinary professional” (15.9%), and using “counterfeit
antimicrobials” (1.4%) as causes of AMR. Participants who were
unsure about the cause of AMR instead guessed: “when you treat
an animal and it doesn’t respond,” “when the animal is tired, the
antibiotic will not work,” and “cheap drugs no longer work, but
the more expensive ones do.” Of those respondents who were
familiar with AMR, they suggest that there may be resistance
to oxytetracyclines, penicillin-streptomycin, and sulfonamides
though no formal resistance testing was routinely undertaken.
Knowledge of withdrawal periods was mostly superficial
amongst farmers. Contrary to EU regulations, withdrawal
periods are usually specific to the route of administration
e.g., antimicrobials administered to cattle may have a nil
milk withdrawal due to penetration into the udder but would
have a meat withdrawal period—this is not often defined
on antimicrobial packaging (Supplementary Figures 1A–D).
However, with respect to withdrawal periods or definitions,
12.9% had “no understanding” (never heard of withdrawal period
before), 34.3% had “minor understanding” (had heard of it but
quoted incorrect withdrawal periods for animal food products),
and 27.1% had “good understanding” (good knowledge and
accurate recall of withdrawal periods of each antimicrobial
they regularly treated animals with). The remainder (18.6%)
stated they sometimes referred to antimicrobial packaging for
withdrawal period times. The majority of farmers stated that
they did not sell or consume animals or animal products
during withdrawal periods (75.7%), though some reported
that they purposefully chose to ignore withdrawal period
recommendations (17.1%). Commonly farmers fed antimicrobial
residue-containing milk to their dogs (14.3%) or allowed calves
to suckle during treatment (44.3%). One farmer stated that
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FIGURE 2 | Average sale cost of antimicrobials from 49 agrovet shops across Busia county. Error bars represent standard deviation where more than one agrovet
shop reported pricing data.
they regularly gave contaminated milk to their animals, despite
understanding the danger of consuming residues: “[I] give to the
calves and the dog. [I] understand that resistance may develop in
these animals, but [I] choose to ignore it to avoid waste.”
Management of Drug Failure
Only one instance of a highest-priority critically important
antibiotics (HPCIA) was reportedly sold or purchased during
the study—colistin. No agrovet staff and only a veterinary
professional (3.6%) had heard the term “HPCIA” before. The
majority of veterinary professionals and agrovets were unaware
of any specific guidelines for antimicrobial prescription or sale,
which also extended to sale and use of HPCIAs. Some veterinary
professionals cited guidelines from the Kenya Veterinary Board
(21.4%) or instructions from the County Veterinary Officer
(10.7%) regarding sales or use of antimicrobials. Agrovet staff
cited pharmaceutical guidelines (6.1%) or Kenya Veterinary
Board guidelines (14.3%).
In terms of defined AMR, there were no confirmed instances
due to no formal diagnostics being undertaken. However, few
instances of clinical failure were reported by agrovet staff
(by proxy of farmers returning to purchase an alternative
antimicrobial from them). Where clinical failure was reported,
reported failures were to oxytetracyclines (10.2%), penicillin-
streptomycin (4.1%), and sulfonamides (8.1%). The majority
of agrovets indicated that they “[did] not know” or there
was “no reported” resistance to antimicrobials (61.2%). Some
stated that there had been cases of suspected clinical failure
attributed to AMR, but they did not know to which antimicrobial
(16.3%), and this was not verified in a laboratory setting.
Veterinary professionals suggested that some clinical failures
may be attributed to AMR, and that such failures occurred
in oxytetracycline (41.4%) and penicillin-streptomycin (27.6%),
but not to sulfonamides. Farmers suggested that they had
encountered treatment failure in less than half of cases
(41.3%). Of those who reported failure, oxytetracycline was
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FIGURE 3 | Information given to farmers regarding AMU, AMR, and withdrawal periods at point-of-sale (agrovet shop) or when receiving a prescription (veterinary
professional). Error bars represent 95% confidence interval.
the most common (20.6%), followed by penicillin-streptomycin
(7.9%), and sulfonamides (1.6%). A small subgroup of farmers
suggested that there had been failure but were unsure to which
antimicrobial (11.1%).
Where there was treatment failure, approximately half of
veterinary professionals reportedly collected a venous blood
smear (53.6%) or sent blood for a bacterial culture (7.1%), or PCR
(3.6%). The remainder prescribed an alternative antimicrobial
without conducting diagnostics. A quarter of agrovet staff
involved a more experienced agrovet staff member or veterinary
professional, or the owner of an agrovet shop (28.6%) where
they received a report of treatment failure. More than a quarter
(26.5%) would suggest an alternative antimicrobial without
gaining more information regarding the animal and 22.4%
had not encountered treatment failure before. The remainder
of agrovet staff would first try to obtain more information
i.e., ask about more clinical signs, and then recommend an
alternative antimicrobial.
Many antimicrobials prescribers/sellers (64.3% of veterinary
professionals and 71.4% of agrovet shops) kept some form of
records regarding antimicrobial sale or prescription or incidence
of treatment failure. There was good concordance between
antimicrobials volunteered as regular purchases or prescriptions
and those records that we read. Half of farmers (50.0%) also
had some records of antimicrobials they administered to their
animals though these were often non-specific i.e., did not
often contain specific antimicrobial names or dosages. When
questioned, farmers were often unsure which antimicrobials were
used as a veterinary professional had provided and administered
the treatment, and not recorded it for them (corroborating
the previous point that veterinary professionals do not provide
detailed information regarding antimicrobials to farmers).
DISCUSSION
Our study has shown that all interviewed farmers and veterinary
professionals in Busia county accessed veterinary antimicrobials
through agrovet shops and that there were, in practice, no
restrictions on class or quantity that could be purchased.
The most commonly purchased veterinary antimicrobials
were tetracyclines, sulfonamides and penicillins. This study
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FIGURE 4 | Most common responses given by participants indicating what they thought were the main causes of antimicrobial resistance. Error bars are 95% CI.
found no reported use of fluoroquinolones or 3rd+generation
cephalosporins, and only one reported use of colistin; given
that these antimicrobials are critically important for human
health (9, 28) this was a positive finding. However, few
veterinary professionals or agrovet staff recognized examples
of HPCIAs despite being presented with a list of those
antimicrobials—this is likely due to lack of awareness and
available information. Interestingly, these drugs are widely
available and found to be drugs of choice amongst some farmers
in more urbanized areas of Kenya (7), despite their relatively
higher cost.
Our study highlighted a number of poor antimicrobial-
related sale practices in agrovet shops, notably the dispensing
of antimicrobials without a prescription and the inclusion
of customer preference as a primary consideration when
selling antimicrobials. Approximately 40% of agrovet staff
stated that they dispensed antimicrobials without a valid
prescription, though direct observations made during the
study suggested that all shops sold antimicrobials without
a prescription at least occasionally; this is consistent with
similar studies conducted in Nairobi (23) and Tanzania (29).
Indeed, observations made during the study also suggest
that there is a lack of formal written prescriptions, and
that most prescriptions are simply verbal instructions from
a veterinary or veterinary paraprofessional. However, this
is potentially for convenience, where travel to an agrovet
shop or a veterinary professional cannot travel, or a farmer
cannot afford to pay for an in-person visit, to a farm.
Furthermore, there were significant inconsistencies in the
reported use of antimicrobials. Despite not being prescribed
or sold as such, antimicrobials we suggest that antimicrobials
were used for prophylaxis and/or growth promotion based on
participant responses.
In our study, cost of antimicrobials to farmers was a major
consideration—we noted that oxytetracyclines were on average
cheaper than penicillin-streptomycin (relative to number of
doses per container), but more expensive than sulfonamides
when adjusted for cost per dose (Figure 2). To save on
costs, farmers, who in this study represent a low income
group (30) sometimes opted to bypass veterinary professionals
when treating their animals. Numerous farmers stated that
they had reused prescriptions from a previous encounter with
a veterinary professional or agrovet staff, or they opted to
use leftover antimicrobials from previous treatment because
they had previously worked. To prevent such irrational drug
use by farmers, 75% of veterinary professionals purposely
did not provide any direction for AMU to farmers so
that full responsibility for treating animals remained with
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them (Figure 3). Farmer administration of drugs would be
difficult to control; this would require interventions that
limit access to antimicrobials (31) but also would require
regulation of pricing structures for access to veterinary
care, which might be challenging in a liberalized veterinary
market (32).
One of the major drivers of AMU is commercial gain.
Livestock production is an important industry in developing
countries, driven by market demand and financial incentives.
As such, farmers need to keep their animals healthy and resort
to this by using antimicrobials. In Kenya, antimicrobials are
viewed as high-margin products that are typically administered
or sold by a recognized professional. Agrovet staff are routinely
approached by large pharmaceutical companies to train staff
(Table 1) regarding specific antimicrobials they are selling and
encourage them to purchase stock for their shops. As staff have
made an investment, they would therefore preferentially sell these
antimicrobials, even in instances where a cheaper antimicrobial
may bemore appropriate. It is a lucrative business, as is testament
to the large number of agrovet shops and informal veterinary
antimicrobial sellers found within this KAP study. Separately,
veterinary professionals are paid a salary and would make
additional money through extension services, such as selling
antimicrobials directly to a farmer, and then charging them for
administering those antimicrobials (and taking responsibility for
treatment and follow-up care of those animals). Where farmers
may be unable to afford such services, they would resort to
noting what the veterinary professional had done, and attempt
to replicate this later, by purchasing antimicrobials without
a prescription.
Few studies have focussed on antimicrobial prescribers and
sellers and their knowledge of AMR in LMICs (33). In this
study there was mostly superficial knowledge of AMR and the
dangers of AMU amongst farmers, agrovet staff, and some
veterinary professionals (Figure 4). This may have been due to
specific terminology, as other studies have highlighted that there
is minimal familiarity with terms such as AMR and antibiotic
resistance (34, 35). After an accurate definition was provided,
some interview participants were able to correctly give examples
of factors which they thought may contribute to the emergence
of AMR. Withdrawal periods were also generally not well-
understood or abided by. A study conducted in neighboring
Tanzania found that depending on the region, people were
variably likely to observe withdrawal periods (36), highlighting
different attitudes to AMR amongst people engaged in different
types of agriculture. If there is insufficient knowledge of the
contribution of antimicrobial residues, this may indicate why.
Some farmers in our study suggested that withdrawal periods
only applied to milk or eggs and were unaware that residues
may also occur in meat. There is clear scope, in line with
Kenya’s National AMR Action Plan, to improve knowledge of
livestock keepers and address the poor understanding of rational
drug use amongst farmers and antimicrobial sellers; innovative
approaches such as information design (which delivers relevant
information in an accessible way to the end user) (37) could
play a role in communicating information regarding AMR in
appropriate and simple ways.
An important issue identified in this study was ambiguity
surrounding AMR. As there is a routine lack of diagnostics
undertaken, cases of treatment failure may be attributed to
use of incorrect antimicrobials or incorrect dosing, rather than
development of AMR. Veterinary professionals typically relied
on their clinical experience for disease identification, and agrovet
staff relied on farmer description of animal disease, or more
experienced agrovet staff to advise on an appropriate treatment
for those reported signs. Several diagnostic laboratories exist in
western Kenya, though the cost involved in collecting samples,
shipping them to a laboratory and the testing itself is a barrier to
most farmers, who cannot afford such services. As such, there is
over-reliance on empirical, broad-spectrum antimicrobials.
Because AMR surveillance has not been systematically
conducted in Kenya, there is incomplete data regarding the
prevalence of AMR and AMU. Whilst other studies have shown
a high prevalence of AMR amongst humans and livestock in
other LMICs (38, 39), there is a paucity of data in Kenya.
Absence of documentation regarding veterinary antimicrobial
therapies, systematic reporting of treatment failures, and AMR
surveillance, precludes gaining an accurate representation of
issues surrounding AMR in the current circumstances.
There are complex factors at play surrounding antimicrobial
prescription, including high public demand for access
to antimicrobials. We suggest that several behavioral
interventions in tandem with legislative or policy reforms
implemented to agrovet, and veterinary professional staff
may reduce inappropriate prescription. We suggest three
major interventions: (1) Detailed guidance on alternative,
non-antimicrobial therapies could be delivered to agrovet shops
from local government. In instances where a diagnosis is made
by a veterinary professional, consultation of documentation
may suggest that an antimicrobial is not generally indicated for
that diagnosis and several alternatives may be suggested. (2)
Specific justification for prescription of antimicrobials. Where an
agrovet or veterinary professional prescribes an antimicrobial,
they must explicitly justify why this was necessary and why an
alternative therapy could not be used. Previous studies have
found that staff accountability significantly improves decision
making accuracy (40). (3) Ranking of veterinary professionals
and agrovets. Each sub-county in Busia tracks the number of
agrovet shops and registered veterinary professionals; these staff
could be ranked depending on the number of inappropriate
prescriptions that have been made and sent an email or text
message informing them on their prescribing rates, compared
to others. Peer comparison is a strong driver of performance
and may help to keep inappropriate prescription low, as has
been studied in clinical settings elsewhere (41). Concurrently
implementing these interventions may significantly reduce the
number of antimicrobials prescribed, whilst also maintaining
a high standard of care expected from farmers treating their
animals. Finally, to reiterate the relevance of antimicrobial
stewardship training, studies have shown that in major national
referral and teaching hospitals in Kenya, fewer than 15% of
clinicians had received substantial lectures on antimicrobial
stewardship and AMR during their training (42). Reform of
veterinary and medical certificates, diplomas, and undergraduate
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training, as well as continuing professional development should
be made to better equip veterinary professionals to deal with
AMU, AMR, and antimicrobial stewardship. Such interventions
could be implemented with ease via the rollout of the new
national action plan on prevention and containment of AMR,
being managed by the Fleming Fund (https://www.flemingfund.
org/wp-content/uploads/0cff5e08e6a64fcf93731d725b04792e.
pdf).
This study determined that community-owned agrovet shops
are the primary level of veterinary care in an area of smallholder
crop-livestock farming. Previous studies have shown positive
correlations between AMU and the level of AMR in animal
populations (43, 44), and therefore, use of antimicrobials
in this smallholder farming production may constitute a
major contributing factor to the development of AMR. To
remedy this, antimicrobial stewardship must be foremost for
prescribers and sellers. As well as improving knowledge in
the retail and farming sectors, efforts should be made to
standardize record-keeping into a computerized systemmanaged
in collaboration with local government, to allow for accurate
tracking of prescribed and sold antimicrobials and minimize
over- and non-prudent use of antimicrobials, whilst factoring in
perceived interventions.
CONCLUSIONS
The findings presented in this study suggest that there was low
awareness of both AMU and AMR amongst both antimicrobial
users and prescribers, which can have significant public health
implications. High rates of AMU (and subsequently AMR)
will eventually lead to a situations where there is significantly
reduced antimicrobial efficacy in both veterinary and human
medicine. In particular, inappropriate prescribing practices by
agrovet shops highlights the need to encourage diverse forms
of targeted education and behavioral interventions, focused on
prudent antimicrobial prescription and use, in combination
with the deployment of national level AMR surveillance in
both the livestock and human populations utilizing an inter-
sectoral collaborative approach to restrict the inappropriate use
of antimicrobials. Ongoing monitoring and surveillance of AMU
is challenging in LMICs, but crucial in understanding how, and
which, interventions can be implemented with limited resources.
Reform via implementation of the suggested behavioral changes,
as well engaging with policymakers and legislative bodies, and
intersectoral support between veterinary and human medical
staff will be key factors in reducing inappropriate prescription
of antimicrobials.
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